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AMINE-MODIFIED ONOMER RESIN 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001) Priority is claimed under 35 U.S.C. S 119(e) to U.S. 
Provisional Patent Application No. 60/470,174, filed on May 
13, 2003, entitled “Amine-Modified Ionomer Resin” by 
Hyun Kim and Hong Guk Jeon, which application is incor 
porated by reference herein. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to ionomer resins that 
provide for Superior properties for a variety of articles of 
manufacture, including golfballs. The present invention also 
relates to methods of manufacture of these resins. 

0004 2. Description of Related Art 
0005 Ionomers, at their most general definition, are 
ion-containing polymers. Ionomeric resins generally avail 
able are ionomeric copolymers of an olefin and a metal Salt 
of a unsaturated carboxylic acid, or ionomeric terpolymers 
having a co-monomer within their structures. These resins 
vary in resiliency, flexural modulus, and hardness. Examples 
of these resins include those marketed under the trademark 
SURLYN manufactured by E.I. DuPont de Nemours & 
Company of Wilmington, Del, and IOTEK manufactured 
by ExxonMobil Corporation of Irving, Tex. These materials 
are chosen for use in a variety of applications, because they 
provide good properties with respect to cost, weight, and 
durability. These marketed ionomers are described in greater 
detail below. 

0006 These copolymeric and terpolymeric ionomers 
may be described as copolymer E/Y or terpolymer E/X/Y, 
where E represents ethylene, X represents a Softening co 
monomer Such as acrylate or methacrylate, and Y represents 
acrylic or methacrylic acid. In particular, the acid moiety of 
Y is neutralized to form an ionomer by a cation Such as 
lithium, Sodium, potassium, magnesium, calcium, barium, 
lead, tin, Zinc or aluminum. Also, a combination of Such 
cations is used for the neutralization. Copolymeric ionomers 
are obtained by neutralizing at least a portion of the car 
boxylic groups in a copolymer of an O-olefin and an 
C.f3-unsaturated carboxylic acid having 3 to 8 carbon atoms, 
with a metal ion. Examples of Suitable C-olefins include 
ethylene, propylene, 1-butene, and 1-hexene. Examples of 
Suitable unsaturated carboxylic acids include acrylic, meth 
acrylic, ethacrylic, C-chloroacrylic, crotonic, maleic, 
fumaric, and itaconic acid. Copolymeric ionomers include 
ionomers having varied acid contents and degrees of acid 
neutralization, neutralized by monovalent, or multivalent 
cations discussed above. 

0007 Terpolymeric ionomers are obtained by neutraliz 
ing at least a portion of the carboxylic groups in a terpolymer 
of an O-olefin, and an O.B-unsaturated carboxylic acid 
having 3 to 8 carbon atoms and an O.f3-unsaturated carboxy 
late having 2 to 22 carbon atoms with metal ion. Examples 
of Suitable C-olefins include ethylene, propylene, 1-butene, 
and 1-hexene. Examples of Suitable unsaturated carboxylic 
acids include acrylic, methacrylic, ethacrylic, C-chloro 
acrylic, crotonic, maleic, fumaric, and itaconic acid. Ter 
polymeric ionomers include ionomers having varied acid 
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contents and degrees of acid neutralization, neutralized by 
monovalent or multi cations discussed above. 

0008 AS stated above, ionomers are used in a variety of 
applications. In particular, ionomers are used in the manu 
facture of Sports equipment, Such as golf balls. Golf balls 
generally include a core and at least one cover layer Sur 
rounding the core. Balls can be classified as two-piece, 
multi-layer, or wound balls. Two-piece balls include a 
Spherical inner core and an Outer cover layer. Multi-layer 
balls include a core, a cover layer and one or more inter 
mediate (or mantle) layers. The cover and intermediate 
layers themselves may include multiple layers. Wound balls 
include a core, a rubber thread wound under tension around 
the core to a desired diameter, and a cover layer, typically of 
balata material. Material characteristics of the compositions 
used in Sports equipment, including golf ball layers are 
important in determining the durability and performance of 
the equipment. For example, with respect to golf balls, the 
composition of a golf ball cover layer is important in 
determining the ball's durability, Scuff resistance, Speed, 
Shear resistance, Spin rate, feel, and "click” (the Sound made 
when a golf club head strikes the ball). Various materials 
having different physical properties are used to make cover 
layers to create a ball having the most desirable performance 
possible. 
0009 Ionomers are particularly useful in compositions 
for making golf ball covers, because they can provide a good 
mix of durability, hardness, and feel. Often, ionomers are 
blended in cover compositions. An ionomer having a high 
flexural modulus often is combined in a cover composition 
with another ionomer having a low flexural modulus. The 
resulting intermediate-modulus blend will provide for 
acceptable hardness, Spin, and durability of the resulting 
cover. These ionomer blends also can be readily used with 
various fillers, fibers, colorants, and processing aids com 
monly used in polymer blends. However, even with blending 
of ionomers to improve properties, their use is not com 
pletely Satisfactory. Improving one characteristic can lead to 
worsening another. For example, blending an ionomer hav 
ing a high flexural modulus with an ionomer having a low 
flexural modulus can lead to reduced resilience and dura 
bility compared to use of the high-modulus ionomer alone. 
In general, it is difficult to make a material for an ionomeric 
golfball cover layer to provide low hardness, good feel, high 
Speed, high resilience, and good shear durability. 
0010. To improve upon the properties of conventional 
ionomers, Spalding Sports Worldwide, Inc. (“Spalding”) 
and E.I. dupont de Nemours and Co. (“DuPont”) each have 
patented conventional ionomerS modified by metal fatty 
acids. In an exemplary ionomer of this type, the addition of 
Sodium Stearate increases the COR of the resulting ionomer 
when used in for example, golf balls, without increasing the 
hardness of the ionomer. DuPont also has patented conven 
tional ionomers incorporating a bimodal molecular weight 
distribution, which can be used to adjust the properties of the 
ionomers. Examples of references disclosing modified iono 
mers include U.S. Pat. No. 6,100,321 and U.S. Published 
patent application No. 2003/0158312, both to Chen. DuPont 
and other companies also have recently been increasing the 
acid neutralization in these ionomers to be almost 100%, 
also to adjust the properties of the ionomers. 
0011. Despite the variety of modified and high-neutral 
ization ionomers currently available, no ionomer exists that 
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provides for ideal properties of COR, compression, durabil 
ity, and ease of processing. In View of the above, it is 
apparent that a need exists for improved polymers for use in 
a variety of applications, Such as Sports equipment. The 
present invention fulfills this need and provides further 
related advantages. 

SUMMARY OF THE INVENTION 

0012. An improved polymer is provided for use in a 
variety of application, including Sports equipment, which 
facilitates high COR, compression, and durability, and ease 
of processing. Embodiments of the present invention include 
an ionomer modified by an amine-functionalized chemical. 
0013 In other, more detailed features of the invention, 
the ionomer is Selected from the group consisting of a 
copolymeric ionomer and a terpolymeric ionomer. The 
amine-functionalized chemical is Selected from the group 
consisting of polyamines, diamines, monoamines, and mix 
tures thereof. 

0.014. In other, more detailed features of the invention, 
the amine-functionalized chemical is Selected from the 
group consisting of bis1,3-aminomethylcyclohexane, 1,3- 
diaminomethyl Xylene (1,3 xylylenediamine), isophorone 
diamine, norbomanediamine, bis1,2-aminomethylcyclo 
hexane, bis1,4-aminomethylcyclohexane, m-Xylenedi 
amine, O-Xylenediamine, p-Xylenediamine, 4,4'-methylene 
bisbenzenamine, phenylene diamine, diethylene triamine, 
hexamethylene diamine, N.N.bis3-amino propylpeperi 
dine, 1,4 butane diamine, 1.5 pentane diamine, triethylene 
tetramine, neoalkoxy titanate coupling agents, and 
neoalkoxy Zirconate coupling agents. The neoalkoxy titanate 
coupling agents are Selected from the group consisting of 
neopentyl (diallyl)oxy tri(Nethylenediamino)ethyl titanate, 
neopentyl (diallyl) oxy tri(m-amino) phenyl titanate, and 
isopropyl tri(N-ethylenediamino)ethyl titanate. The 
neoalkoxy Zirconate coupling agents are Selected from the 
group consisting of neopentyl (diallyl) oxy tri(N-ethylene 
diamino) ethyl Zirconate, neopentyl (diallyl) oxy tri(m- 
amino)phenyl Zirconate, and dineopentyl (diallyl)oxy di(3- 
mercapto) propionic Zirconate. 
0.015. Another exemplary embodiment of the invention is 
a composition including an ionomer modified by an amine 
functionalized chemical, and a polymer. In other, more 
detailed features of the invention, the polymer is Selected 
from the group consisting of thermoplastic elastomer, ther 
moset elastomer, Synthetic rubber, thermoplastic Vulcani 
Zate, copolymeric ionomer, terpolymeric ionomer, polycar 
bonate, polyolefin, polyamide, copolymeric polyamide, 
polyesters, polyvinyl alcohols, acrylonitrile-butadiene-Sty 
rene copolymers, polyarylate, polyacrylate, polyphenylene 
ether, modified-polyphenyl ether, high-impact polystyrene, 
diallyl phthalate polymer, metallocene catalyzed polymers, 
acrylonitrile-styrene-butadiene, Styrene-acrylonitrile, olefin 
modified Styrene-acrylonitrile, acrylonitrile Styrene acry 
lonitrile, Styrene-maleic anhydryde polymer, Styrenic 
copolymer, functionalized Styrenic copolymer, functional 
ized Styrenic terpolymer, Styrenic terpolymer, cellulose 
polymer, liquid crystal polymer, ethylene-propylene-diene 
terpolymer, ethylene-Vinyl acetate copolymers, ethylene 
propylene copolymer, ethylene Vinyl acetate, polyurea, pol 
ySiloxane, and metallocene-catalyzed polymers thereof. 
0016. In other, more detailed features of the invention, 
the composition further includes a polyamide. The polya 
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mide is obtained using a proceSS Selected from the group 
consisting of a polycondensation of a dicarboxylic acid with 
a diamine, a ring-opening polymerization of a cyclic lactam, 
a polycondensation of an aminocarboxylic acid, and a copo 
lymerization of a cyclic lactam with a dicarboxylic acid and 
a diamine. The polyamide is Selected from the group con 
sisting of Nylon 6, Nylon 66, Nylon 610, Nylon 11, Nylon 
12, copolymerized Nylon, Nylon MXD6, and Nylon 46. 
0017. In other, more detailed features of the invention, 
the composition further includes a polyester elastomer. The 
polyester elastomer is Selected from the group consisting of 
SKYPEL and SEPTON. 

0018. In other, more detailed features of the invention, 
the composition further includes a Silicone material. The 
Silicone material is Selected from the group consisting of a 
monomer, an oligomer, a prepolymer, a polymer, trimeth 
ylsiloxy-endblocked dimethylsiloxane-methylhexenylsilox 
ane copolymers, dimethylhexenlylsiloxy-endblocked dim 
ethylsiloxane-methylhexenylsiloxane copolymers, 
trimethylsiloxy-endblocked dimethylsiloxane-methylvinyl 
Siloxane copolymers, trimethylsiloxy-endblocked meth 
ylphenylsiloxane-dimethylsiloxane-methylvinylsiloxane 
copolymers, dimethylvinylsiloxy-endblocked dimethylpol 
ysiloxanes, dimethylvinylsiloxy-endblocked dimethylsilox 
ane-methylvinylsiloxane copolymers, dimethylvinylsiloxy 
endblocked methylphenylpolysiloxanes, 
dimethylvinylsiloxy-endblocked methylphenylsiloxane 
dimethylsiloxane-methylvinylsiloxane copolymers, SILAS 
TIC, BLENSIL, and ELASOSIL. The silicone material 
includes an alkenyl group having at least two carbon atoms. 
The alkenyl group is Selected from the group consisting of 
Vinyl, allyl, butenyl, pentenyl, hexenyl, and decenyl. 
0019. In other, more detailed features of the invention, 
the composition further includes a copolymer. The copoly 
mer is an epoxy monomer. The epoxy monomer is Selected 
from the group consisting of a styrene-butadiene-Styrene 
block copolymer, a styrene-isoprene-styrene block copoly 
mer, ESBS A1005, ESBS A1010, ESBS A1020, ESBS 
ATO18, and ESBS ATO19. 
0020. In other, more detailed features of the invention, 
the composition further includes an ingredient Selected from 
the group consisting of a colorant, a UV Stabilizer, a photo 
Stabilizer, an antioxidant, a colorant, a dispersant, a mold 
releasing agent, a processing aid, a filler, and mixtures 
thereof. The filler is an inorganic filler. The inorganic filler 
is Selected from the group consisting of titanium dioxide, 
calcium carbonate, Zinc Sulfate, and Zinc oxide. The filler is 
Selected from the group consisting of Zinc oxide, barium 
Sulfate, tungsten. 
0021 Another exemplary embodiment of the invention is 
a golf ball including a core and a cover layer over the core, 
wherein the core or cover layer includes an ionomer modi 
fied by an amine-functionalized chemical. In other, more 
detailed features of the invention, the golf ball further 
comprises an intermediate layer Situated between the core 
and the cover layer. The intermediate layer includes the 
ionomer modified by an amine-functionalized chemical. 
0022. An exemplary method according to the invention is 
a method for making an ionomer modified by an amine 
functionalized chemical. The method includes providing an 
ionomer, providing an amine-functionalized chemical, and 
mixing the ionomer with the amine-functionalized chemical. 
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0023. An exemplary method according to the invention is 
a method for making a golf ball. The method includes 
providing an ionomer, providing an amine-functionalized 
chemical, mixing the ionomer with the amine-functionalized 
chemical, and incorporating the mixture of the ionomer and 
the amine-functionalized chemical into a golf ball. 
0024. Other features of the invention should become 
apparent from the following description of the preferred 
embodiments. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.025 The present invention is embodied in ionomers 
modified using an amine-functionalized chemical. AS a 
result of this modification, these ionomers provide desirable 
properties when compared to conventional, non-modified 
ionomers, while retaining comparable ease of manufacture 
and processing. In particular, these modified ionomers 
exhibit higher COR (and therefore resilience) at a similar or 
lower compression, when compared to conventional iono 
mers. The present invention also is embodied in golf ball 
covers, intermediate layerS and cores incorporating these 
modified ionomers, and it additionally resides in methods of 
manufacture of these ionomers and golf balls, incorporating 
these ionomers. 

0026. These ionomers are manufactured from conven 
tional metal-neutralized ionomers or their non-ionomeric 
precursors. The conventional ionomers preferably have total 
neutralization levels of greater than 1%, more preferably 
10-80%, more preferably 25-60%, and most preferably 
40-50%. The conventional ionomers are modified by an 
amine-functionalized chemical using conventional methods. 
The conventional ionomers can be mixed with polyamines, 
diamines, monoamines, or mixtures of these, with diamines 
most preferred. The conventional ionomers can be partially 
or fully neutralized, or alternatively they can be non-neu 
tralized when mixed with the amine(s), and then partially or 
fully neutralized using any mono-or multivalent metal 
cation. The metal cation can be added to the conventional 
ionomer alone, or to the ionomer after mixing with amine 
functionalized chemical(s), using any conventional mixing 
methods, Such as melt-mixing. 
0.027 Preferred chemicals incorporating amines for use 
in the present invention include: bis1,3-aminomethylcy 
clohexane (BAC); 1,3-diaminomethyl xylene (1.3 xylylene 
diamine); isophorone diamine, norbornamediamine; bis1,2- 
aminomethylcyclohexane; bis 1,4-aminomethyl 
cyclohexane, m-Xylenediamine; o-Xylenediamine; 
p-Xylenediamine; 4,4'-methylene bisbenzenamine; phe 
nylene diamine; diethylene triamine; hexamethylene 
diamine; N.N.bis3-amino propylpeperidine, 1,4 butane 
diamine; 1.5 pentane diamine; triethylene tetramine; 
neoalkoxy titanate coupling agents, Such as neopentyl (dial 
lyl) oxy tri(Nethylenediamino) ethyl titanate, neopentyl 
(diallyl) oxy tri(m-amino) phenyl titanate, and isopropyl 
tri(N-ethylenediamino)ethyl titanate; and neoalkoxy Zircon 
ate coupling agents, Such as neopentyl (diallyl) oxy tri(N- 
ethylenediamino) ethyl Zirconate, neopentyl (diallyl) oxy 
tri(m-amino)phenyl Zirconate, and dineopentyl (diallyl)oxy 
di(3-mercapto) propionic Zirconate. Most preferred among 
these is bis1,3-aminomethylcyclohexane. The amount of 
the amine-functionalized chemical can be varied, depending 
on the acid level and degree of neutralization of the con 
ventional ionomer used. 
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0028. These amine-modified ionomers can be used in a 
variety of applications with ease. They also can be freely 
adjusted to maximize properties for a given application. In 
particular, these ionomers are Suitable for use in golf balls, 
particularly in golf ball cover and intermediate layers. These 
covers are Suited for use with all types of ball constructions, 
including those having wound layers, multiple core, inter 
mediate, or cover layers, or liquid layers. The balls can 
readily be prepared using known methods, including injec 
tion molding, compression molding, or casting. 

0029. In addition to the amine-modified ionomers of the 
present invention, compositions for making golf balls within 
the Scope of the present invention may incorporate addi 
tional polymers. Examples of Suitable additional polymers 
for use in the present invention include, but are not limited 
to, the following: thermoplastic elastomer, thermoset elas 
tomer, Synthetic rubber, thermoplastic Vulcanizate, copoly 
meric ionomer, terpolymeric ionomer, polycarbonate, poly 
olefin, polyamide, copolymeric polyamide, polyesters, 
polyvinyl alcohols, acrylonitrile-butadiene-styrene copoly 
mers, polyarylate, polyacrylate, polyphenylene ether, modi 
fied-polyphenyl ether, high-impact polystyrene, diallyl 
phthalate polymer, metallocene catalyzed polymers, acry 
lonitrile-styrene-butadiene (ABS), styrene-acrylonitrile 
(SAN) (including olefin-modified SAN and acrylonitrile 
styrene acrylonitrile), Styrene-maleic anhydryde (S/MA) 
polymer, Styrenic copolymer, functionalized Styrenic 
copolymer, functionalized Styrenic terpolymer, Styrenic ter 
polymer, cellulose polymer, liquid crystal polymer (LCP), 
ethylene-propylene-diene terpolymer (EPDM), ethylene-vi 
nyl acetate copolymers (EVA), ethylene-propylene copoly 
mer, ethylene vinyl acetate, polyurea, and polysiloxane or 
any metallocene-catalyzed polymers of these Species. 

0030) Suitable polyamides for use as an additional mate 
rial in compositions within the Scope of the present inven 
tion also include resins obtained by: (1) polycondensation of 
(a) a dicarboxylic acid, Such as Oxalic acid, adipic acid, 
Sebacic acid, terephthalic acid, isophthalic acid or 1,4- 
cyclohexanedicarboxylic acid, with (b) a diamine, Such as 
ethylenediamine, tetramethylenediamine, pentamethylene 
diamine, hexamethylenediamine or decamethylenediamine, 
1,4-cyclohexyldiamine or m-xylylenediamine; (2) a ring 
opening polymerization of cyclic lactam, Such as e-capro 
lactam or co-laurolactam; (3) polycondensation of an ami 
nocarboxylic acid, Such as 6-aminocaproic acid, 
9-aminononaoic acid, 11-aminoundecanoic acid or 12-ami 
nododecanoic acid; or, (4) copolymerization of a cyclic 
lactam with a dicarboxylic acid and a diamine. Specific 
examples of suitable polyamides include Nylon 6, Nylon 66, 
Nylon 610, Nylon 11, Nylon 12, copolymerized Nylon, 
Nylon MXD6, and Nylon 46. 

0031. Other preferred materials suitable for use as an 
additional material in compositions within the Scope of the 
present invention include polyester elastomers marketed 
under the tradename SKYPEL by SK Chemicals of South 
Korea, or triblock copolymers marketed under the trade 
name SEPTON by Kuraray Corporation of Kurashiki, Japan. 
All of the materials listed above may provide for particular 
enhancements to ball layerS prepared within the Scope of the 
present invention. 

0032 Silicone materials also are well suited for blending 
into compositions within the Scope of the present invention. 
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These may be monomers, oligomers, prepolymers, or poly 
mers, with or without additional reinforcing filler. One type 
of Silicone material that is Suitable may incorporate at least 
1 alkenyl group having at least 2 carbon atoms in their 
molecules. Examples of these alkenyl groups include, but 
are not limited to, Vinyl, allyl, butenyl, pentenyl, hexenyl 
and decenyl. The alkenyl functionality may be located at any 
location of the Silicone structure, including one or both 
terminals of the structure. The remaining (i.e., non-alkenyl) 
Silicon-bonded organic groups in this component are inde 
pendently Selected from hydrocarbon or halogenated hydro 
carbon groups that contain no aliphatic unsaturation. Non 
limiting examples of these include: alkyl groups, Such as 
methyl, ethyl, propyl, butyl, pentyl and hexyl, cycloalkyl 
groups, Such as cyclohexyl and cycloheptyl, aryl groups, 
Such as phenyl, tolyl and Xylyl, aralkyl groups, Such as 
benzyl and phenethyl, and halogenated alkyl groups, Such as 
3,3,3-trifluoropropyl and chloromethyl. Another type of 
Silicone material Suitable for use in the present invention is 
one having hydrocarbon groups that lack aliphatic unsatura 
tion. Specific examples of Suitable Silicones for use in 
making compositions of the present invention include the 
following: trimethylsiloxy-endblocked dimethylsiloxane 
methylhexenylsiloxane copolymers, dimethylhexenlylsi 
loxy-endblocked dimethylsiloxane-methylhexenylsiloxane 
copolymers, trimethylsiloxy-endblocked dimethylsiloxane 
methylvinylsiloxane copolymers, trimethylsiloxy-end 
blocked methylphenylsiloxane-dimethylsiloxane-methylvii 
nylsiloxane copolymers, dimethylvinylsiloxy-endblocked 
dimethylpolysiloxanes; dimethylvinylsiloxy-endblocked 
dimethylsiloxane-methylvinylsiloxane copolymers, dimeth 
ylvinylsiloxy-endblocked methylphenylpolysiloxanes, dim 
ethylvinylsiloxy-endblocked methylphenylsiloxane-dimeth 
ylsiloxane-methylvinylsiloxane copolymers, and, the 
copolymers listed above, in which at least one end group is 
dimethylhydroxysiloxy. Commercially available silicones 
Suitable for use in compositions within the Scope of the 
present invention include Silastic by Dow Coming Corp. of 
Midland, Mich., Blensil by GE Silicones of Waterford, N.Y., 
and Elastosil by Wacker Silicones of Adrian, Mich. 
0033. In addition to copolymeric amine-modified iono 
mers within the Scope of the present invention, other types 
of copolymerS also may be added to golf ball compositions 
within the Scope of the present invention. Examples of 
copolymers comprising epoxy monomers and which are 
Suitable for use within the Scope of the present invention 
include Styrene-butadiene-styrene block copolymers, in 
which the polybutadiene block contains epoxy group, and 
Styrene-isoprene-styrene block copolymers, in which the 
polyisoprene block contains epoxy. Commercially available 
examples of these epoxy functional copolymers include 
ESBS A1005, ESBS A1010, ESBS A1020, ESBS ATO18, 
and ESBS ATO19, marketed by Daicel Chemical Industries, 
Ltd. 

0034 Compositions for making golf balls within the 
Scope of the present invention also may include, in Suitable 
amounts, one or more additional ingredients generally 
employed in polymer compositions. Agents provided to 
achieve Specific functions, Such as additives and Stabilizers, 
may be present. Suitable ingredients include colorants, UV 
Stabilizers, photo Stabilizers, antioxidants, colorants, dis 
persants, mold releasing agents, processing aids and fillers. 
The compositions may incorporate, for example, inorganic 
fillers, Such as titanium dioxide, calcium carbonate, Zinc 
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sulfide or zinc oxide. Additional fillers may be chosen to 
impart additional density to the compositions, Such as Zinc 
oxide, barium Sulfate, tungsten or any other metallic powder 
having density higher than that of the base polymeric resin. 
Any organic or inorganic fibers, either continuous or non 
continuous, also may be in the composition. An example of 
these is Silica-containing filler, which preferably is Selected 
from finely divided, heat-stable minerals, Such as fumed and 
precipitated forms of Silica, Silica aerogels and titanium 
dioxide having a specific Surface area of at least about 10 
m/gram. 

EXAMPLES 

0035 Compositions within the scope of the present 
invention were prepared and tested for a variety of mechani 
cal properties. The compositions included Surlyn 9910, and 
ionomer manufactured by DuPont, and BAC in varying 
amounts as the amine compound. The ionomer and BAC 
were mixed to form the modified ionomer compositions of 
the present invention. The compositions were tested for 
tensile Strength, elastic modulus, ultimate elongation, flex 
ural modulus, tensile energy absorption, and hardness. For 
comparison, the unmodified ionomer also was similarly 
tested. Results of this testing are shown in Table 1 below. 
Also, the compositions, as well as a comparison Sample of 
unmodified ionomer, were formed into Spheres and tested 
for COR and PGA compression. Results of this testing are 
shown in Table 2 below. 

TABLE 1. 

Ulti- Tensile 
mate energy 

Tensile Elastic Elong Flexural Absorp 
BAC Strength Modulus ation modulus tion Hardness 
% (psi) (ksi) (%) (psi) (lbf/in) (Shore D) 

O 4440 26 8O 534OO 370 62 
1. 5340 3O 110 59500 590 61 
3 4870 33 12O 643OO 62O 63 
5 418O 32 140 66900 6SO 63 

0036) 

TABLE 2 

%. Increase in 
PGA PGA %. Increase in 

BAC '76 Compression Compression COR COR 

O 154 N/A O.684 N/A 
1. 158 2.6 O.704 3 
3 157 1.9 O.733 7.2 
5 157 1.9 O.746 9.1 

0037. The data in Table 1 indicate that the compositions 
of the present invention exhibited greater tensile Strength, 
elastic modulus, and flexural modulus than the unmodified 
ionomer. Increasing amine content led to less of an increase 
in tensile Strength, but more of an increase in flexural 
modulus, with no clear trend for elastic modulus. Also, 
toughness of the compositions of the present invention, as 
indicated by tensile energy absorption and ultimate elonga 
tion, were dramatically greater than the unmodified ionomer, 
increasing with increased amine content. Meanwhile, 
despite the changes in other properties, hardnesses of the 
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compositions of the present invention were not Substantially 
greater than that of the unmodified ionomer. The date in 
Table 2 further indicate that though the PGA compressions 
of the Spheres made from the compositions within the Scope 
of the present invention are essentially identical to that of the 
unmodified ionomer, being greater by less than two to three 
percent, the COR of these spheres is significantly greater. 
COR increased by about 9% for the composition incorpo 
rating 5% BAC, compared to the unmodified ionomer. 
0.038 Although the invention has been disclosed in detail 
with reference only to the preferred embodiments, those 
skilled in the art will appreciate that additional amine 
modified ionomers and golf balls incorporating them can be 
made without departing from the Scope of the invention. 
0.039 The foregoing detailed description of the present 
invention is provided for purposes of illustration, and it is 
not intended to be exhaustive or to limit the invention to the 
particular embodiments disclosed. The embodiments can 
provide different capabilities and benefits, depending on the 
configuration used to implement the key features of the 
invention. Accordingly, the Scope of the invention is defined 
only by the following claims. 
What is claimed is: 

1. An ionomer modified by an amine-functionalized 
chemical. 

2. The ionomer according to claim 1, wherein the ionomer 
is Selected from the group consisting of a copolymeric 
ionomer and a terpolymeric ionomer. 

3. The ionomer according to claim 1, wherein the amine 
functionalized chemical is Selected from the group consist 
ing of polyamines, diamines, monoamines, and mixtures 
thereof. 

4. The ionomer according to claim 1, wherein the amine 
functionalized chemical is Selected from the group consist 
ing of bis1,3-aminomethylcyclohexane, 1,3-diaminom 
ethyl Xylene (1.3 xylylenediamine), isophorone diamine, 
norbomanediamine, bis1,2-aminomethylcyclohexane, bis 
1,4-aminomethylcyclohexane, m-xylenediamine, o-xy 
lenediamine, p-Xylenediamine, 4,4'-methylene bisbenze 
namine, phenylene diamine, diethylene triamine, 
hexamethylene diamine, N.N.bis3-amino propylpeperi 
dine, 1,4 butane diamine, 1.5 pentane diamine, triethylene 
tetramine, neoalkoxy titanate coupling agents, and 
neoalkoxy Zirconate coupling agents. 

5. The ionomer according to claim 4, wherein the 
neoalkoxy titanate coupling agents are Selected from the 
group consisting of neopentyl (diallyl) oxy tri(N-ethylene 
diamino)ethyl titanate, neopentyl (diallyl)oxy tri(m-amino) 
phenyl titanate, and isopropyl tri(N-ethylenediamino)ethyl 
titanate. 

6. The ionomer according to claim 4, wherein the 
neoalkoxy Zirconate coupling agents are Selected from the 
group consisting of neopentyl (diallyl) oxy tri(N-ethylene 
diamino) ethyl Zirconate, neopentyl (diallyl) oxy tri(m- 
amino)phenyl Zirconate, and dineopentyl (diallyl)oxy di(3- 
mercapto) propionic Zirconate. 

7. A composition comprising: 

an ionomer modified by an amine-functionalized chemi 
cal; and 

a polymer. 
8. The composition according to claim 7, wherein the 

polymer is Selected from the group consisting of thermo 
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plastic elastomer, thermoset elastomer, Synthetic rubber, 
thermoplastic Vulcanizate, copolymeric ionomer, terpoly 
meric ionomer, polycarbonate, polyolefin, polyamide, 
copolymeric polyamide, polyesters, polyvinyl alcohols, 
acrylonitrile-butadiene-styrene copolymers, polyarylate, 
polyacrylate, polyphenylene ether, modified-polyphenyl 
ether, high-impact polystyrene, diallyl phthalate polymer, 
metallocene catalyzed polymers, acrylonitrile-styrene-buta 
diene, Styrene-acrylonitrile, olefin-modified Styrene-acry 
lonitrile, acrylonitrile Styrene acrylonitrile, Styrene-maleic 
anhydryde polymer, Styrenic copolymer, functionalized Sty 
renic copolymer, functionalized Styrenic terpolymer, Sty 
renic terpolymer, cellulose polymer, liquid crystal polymer, 
ethylene-propylene-diene terpolymer, ethylene-Vinyl acetate 
copolymers, ethylene-propylene copolymer, ethylene Vinyl 
acetate, polyurea, polysiloxane, and metallocene-catalyzed 
polymers thereof. 

9. The composition according to claim 7, further com 
prising a polyamide. 

10. The composition according to claim 9, wherein the 
polyamide is obtained using a proceSS Selected from the 
group consisting of a polycondensation of a dicarboxylic 
acid with a diamine, a ring-opening polymerization of a 
cyclic lactam, a polycondensation of an aminocarboxylic 
acid, and a copolymerization of a cyclic lactam with a 
dicarboxylic acid and a diamine. 

11. The composition according to claim 9, wherein the 
polyamide is Selected from the group consisting of Nylon 6, 
Nylon 66, Nylon 610, Nylon 11, Nylon 12, copolymerized 
Nylon, Nylon MXD6, and Nylon 46. 

12. The composition according to claim 7, further com 
prising a polyester elastomer. 

13. The composition according to claim 12, wherein the 
polyester elastomer is Selected from the group consisting of 
SKYPEL and SEPTON. 

14. The composition according to claim 7, further com 
prising a Silicone material. 

15. The composition according to claim 14, wherein the 
Silicone material is Selected from the group consisting of a 
monomer, an oligomer, a prepolymer, a polymer, trimeth 
ylsiloxy-endblocked dimethylsiloxane-methylhexenylsilox 
ane copolymers, dimethylhexenlylsiloxy-endblocked dim 
ethylsiloxane-methylhexenylsiloxane copolymers, 
trimethylsiloxy-endblocked dimethylsiloxane-methylvinyl 
Siloxane copolymers, trimethylsiloxy-endblocked meth 
ylphenylsiloxane-dimethylsiloxane-methylvinylsiloxane 
copolymers, dimethylvinylsiloxy-endblocked dimethylpol 
ysiloxanes, dimethylvinylsiloxy-endblocked dimethylsilox 
ane-methylvinylsiloxane copolymers, dimethylvinylsiloxy 
endblocked methylphenylpolysiloxanes, 
dimethylvinylsiloxy-endblocked methylphenylsiloxane 
dimethylsiloxane-methylvinylsiloxane copolymers, SILAS 
TIC, BLENSIL, and ELASOSIL. 

16. The composition according to claim 14, wherein the 
Silicone material includes an alkenyl group having at least 
two carbon atoms. 

17. The composition according to claim 16, wherein the 
alkenyl group is Selected from the group consisting of vinyl, 
allyl, butenyl, pentenyl, hexenyl, and decenyl. 

18. The composition according to claim 7, further com 
prising a copolymer. 

19. The composition according to claim 18, wherein the 
copolymer is an epoxy monomer. 
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20. The composition according to claim 19, wherein the 
epoxy monomer is Selected from the group consisting of a 
Styrene-butadiene-Styrene block copolymer, a Styrene-iso 
prene-styrene block copolymer, ESBSA1005, ESBS A1010, 
ESBS A1020, ESBS ATO18, and ESBS ATO19. 

21. The composition according to claim 7, further com 
prising an ingredient Selected from the group consisting of 
a colorant, a UV Stabilizer, a photo Stabilizer, an antioxidant, 
a colorant, a dispersant, a mold releasing agent, a processing 
aid, a filler, and mixtures thereof. 

22. The composition according to claim 21, wherein the 
filler is an inorganic filler. 

23. The composition according to claim 22, wherein the 
inorganic filler is Selected from the group consisting of 
titanium dioxide, calcium carbonate, Zinc Sulfate, and Zinc 
oxide. 

24. The composition according to claim 21, wherein the 
filler is Selected from the group consisting of Zinc oxide, 
barium Sulfate, tungsten. 

25. A golf ball comprising a core and a cover layer over 
the core, wherein the core or cover layer includes an 
ionomer modified by an amine-functionalized chemical. 

26. The golf ball according to claim 25, wherein the golf 
ball further comprises an intermediate layer situated 
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between the core and the cover layer, and wherein the 
intermediate layer includes the ionomer modified by an 
amine-functionalized chemical. 

27. A method for making an ionomer modified by an 
amine-functionalized chemical, the method comprising: 

providing an ionomer; 

providing an amine-functionalized chemical; and 

mixing the ionomer with the amine-functionalized chemi 
cal. 

28. A method for making a golf ball, comprising: 

providing an ionomer; 

providing an amine-functionalized chemical; 

mixing the ionomer with the amine-functionalized chemi 
cal; and 

incorporating the mixture of the ionomer and the amine 
functionalized chemical into a golf ball. 


